Abstract-Alzheimer's disease (AD) is a neurodegenerative and incurable illness that causes intellectual functions decrease. This study is a new approach to improve the scalp brain anomalies localization associated with Electroencephalogram (EEG) energy variations of EEG threads (subsegments) sequencies sets found in AD patients by unsupervised learning techniques, called AD EEG temporal events. This study showed that AD patients have less brain dynamics than controls, because the AD EEG events propagation time over the scalp is higher and statistically different from control subjects (p<0.0022).
I. INTRODUCTION
Alzheimer's disease (AD) is a brain disease that destroys memory and many other mental functions. This cortical and degenerative brain illness is irreversible and it origin still remains unknown. A combination of several factors, such as: age, genetic inheritance, environment and lifestyle may be responsible for AD appearance [1] . There is still no cure for this devastating disease and unfortunately there is no straightforward test for AD diagnosis. AD symptoms are often confounded with other normal symptoms of aging thus it is quiet difficult to achieve an AD accurate diagnosis [2] . It is urgent to find an early and effective method for AD detection [3] . An autopsy or brain biopsy is the only way to make a definitive diagnosis of AD [3] . This disease, in 2001, reached more than 21.1 million of people around the world [3] .
Early diagnoses are therefore urgent to reduce the brain damage. For that, the Electroencephalogram (EEG) has been used from a several decades as a diagnostic tool for dementia. The convencional EEG frequency bands are delta (δ, 1-4 Hz), theta (θ, 4-8 Hz), alpha (α, , beta (β, 13-30 Hz) and gamma (γ, 30-60 Hz) [4] . AD is associated with an increase of power in low frequencies (δ and θ band) and a decrease of power in higher frequencies (α and β) [4] . These changes are related to the destruction of cholinergic synapses in the Meynet nucleus where transferase, responsible for the synthesis of acetylcholine, is produced [5] .
In this study, the authors want to create a methodology to improve the detection of AD scalp brain anomalies and make an analysis to better understood its behavior compared with control subjects. The idea is to find sequences of threads (subsegments) that appear with more probability in AD patients than controls (AD events) and verify the way that those events are propagated over the scalp. Thus the time of propagation of that event can be measuring in AD patients and Control subjects groups to find differences of information spread between both groups in the encephalon using for that propose EEG signals.
II. MATERIALS
Twenty subjects participated in the study (10 Controls and 10 with a probable diagnostic of AD). EEGs were organized in segments without artifacts.
III. PROPOSED METHODOLOGY
This methodology represents an improvement of methodologies used in previous works and it is composed by five different steps. The first four steps are related to the process of creation and identification of a typical model for Alzheimer's Events and the last one allows to simulate and identify the behavior of these events in the scalp. The methodology description is illustrated in Fig. 1 . 
A. EEG WT Decomposition
The Wavelet Transform (WT) was chosen to be the main technique to process the EEG signals. This signal processing tool provides a good time resolution for the high frequencies and good frequency resolution for low frequencies, which is useful for processing EEG signals because the target frequencies bands were localized in low frequencies. It was rewelded in previous studies as the technic with better capability of AD patients discrimination [6] , [7] , [8] .
The signal decomposition in different frequency bands was achieved by successive low-pass and high-pass filters, followed by factor of two subsampling until the maximum level of decomposition (log 2 (N )).
The Discrete Wavelet Transform (DWT) was used in the implementation. It uses a multiresolution analysis that consists in obtaining increasingly smaller signal resolution versions by successive filtering. The DWT uses two functions set: a scale function (ϕ[n]) and a Wavelet function (ψ[n]) [9] .
where k is the discrete translation parameter and h[k] and g [k] respectively are the impulse responses of the lowpass and highpass filters used in the WT analysis. The signal decomposition in different frequency bands is achieved by successive low-pass filters and high-pass filters in time domain, followed by subsampling by factor of two until the maximum level of decomposition (log 2 (N )) as is illustrated in the following equations 3 and 4 [9] , [10] .
where, k = 0, ..., N 2 j ; j = 0, ..., log 2 (N ), A represents the DWT approximated coefficients, D the DWT detail coefficients and N the signal length.
B. Features Extraction Multiband
In order to extract some information from the EEG signals of AD patients and Control subjects, each segment of the signal was decomposed to the level 5 by the Bior3.5 DWT (correct level of EEG signal decomposition to reach the conventional frequency bands of EEG -δ, θ, α ,β and γ bands).
The Bior3.5 Wavelet had more discriminant probabilities in previous works [6] , [7] , [8] . The delta band corresponded to the approximated coefficients A5 of DWT decomposition, the theta band to the detail coefficients D5, the alpha band to D4, the beta band to D3 and the gamma band to D2. Each EEG convencional band was reconstructed in the time domain by the Bior3.5 DWT with the same length of the original segment of EEG signal.
To characterized the waveform in terms of its faster or slower and of greater or smaller variability as it will be need when observing the phenomenon "shift-to-the-left", the authors described the signal as the rate amount of maxima (NMax) and minima (NMin), the zero-crossing (Zcr) rate, the mean derivative value at a point (M dif ), the signal energy (E) and the spectrum energy deceleration represented by the spectral ratios (r).
Therefore
• NMax and NMin: Accounting and calculation of all signal maxima and minima, respectively, by the variation of the signal waveform derivative.
• Zcr: The zero-crossing rate was calculated as [11] :
where i = {δ, θ, α, β, γ}, s is a DWT reconstructed signal of length N and I the indicator function. If the I value, in a certain position, is equal to 1 a signal zero crossing is found.
• M dif : The mean derivative value at a point was obtained by the equation 6 [12] ,
where i = {δ, θ, α, β, γ}.
• RP : The Wavelet coefficients energies of δ, θ, α, β and γ were obtained by the following generic equation 7
• r: Three spectral ratios were defined to resume the EEG spectrum deceleration [6] , [7] , [8] 
r 1 is a spectral ratio that enabled us to detect changes when a slight slowdown in the EEG spectrum appears. r 2 is an index that summarized the EEG global slowing. r 3 is an extension of the definition of r 1 to the whole power spectrum. In total were achieved 23 features per segment of EEG.
C. Features selection
Each best combination of features between 2 and 23 was provided by Genetic Algorithms and was identified the features combination that reached the best classification performance by a Linear classifier (LC) with a leave-one-out crossvalidation procedure. The classifier is intended to have the ability to discriminate AD patients from Control subjects. It was evaluated by using Receiver Operating Characteristic (ROC) curves.
Sensitivity represents the percentage of patients correctly identified, specificity represents the percentage of Controls correctly classified and accuracy is the percentage of all study participants correctly identified. The Area Under ROC curve (AUC) summarized the system performance.
After the process, the 19 features combination were used to find AD EEG temporal events:
D. AD Events Detection
The K-means and Self Organized Maps (SOM), unsupervised classification techniques, were used to classify in five groups all the twenty threads. A global classification of 10, 15 and 20 threads was made for all segments.
The Fig. 2 is an exemple of K-means/SOM classification of 20 threads in temporal domain for a segment. Depending on the threads classification, the segment threads were represented in Fig. 2 with different colors. After performed K-means/SOM classification, all four combinations of five groups (clusters) were verified for AD patients and for Control group in any temporal K-means/SOM classification sequence of a segment (see, Fig. 2 ). In order to analyze a Diff score was performed by the difference between the number of temporal sequences found at AD group (Seq AD ) and at Control group (Seq C ),
The authors have found sequences of four threads that appeared with a high incidence in both methodologies (Kmeans Methodology and Self-Organized Maps Methodology), such as, 1141, 1213, 1215, 1222, 1234, 1513, 4441, 4411, 5131 and 5511. This means that these sequences were found more frequently in EEG of AD patients than in EEG of Control subjects (high diff score) and constituted the denominated AD EEG Events [13] .
E. Scalp Event Localization
Based on the previous Events detection results, typical AD EEG Events detection was simulated along time. In Fig. 3 it can be seen the Time Events detection evolution for both classification groups along time (AD patients and Control Subjects). Zero Time (0ms) is the first time that an event is detected in a simulation for both groups, respectively. The following times are separated by 700 ms (Average propagation time of an event in the control subjects, as can be seen in Fig.4) . The propagation time is the time interval between the onset of the AD event until its appearance/spread at other cerebral scalp zone or until its demise. The scalp red/dark zones in Fig.  3 represents the EEG scalp localization of the "AD event". "AD events" (high positive Diff scores) can appear in Control Group, but they appear less often, as proved in a previous work [13] . In Fig.3 it can be also observed that when AD events appear in the Control Group the propagation time is faster than the AD patient's events propagation time and the subsequent Event appearance is more random than in AD patients, which is more localized. This can be explained by the neuronal atrophy caused by the amyloid plaques accumulation between neurons in the AD patient's brain, which decreases the rapid dissemination of the information throughout the encephalon. In Fig.4 . it can be seen a boxplot that showed that the average propagation time of AD detected events (approximately 1400ms) is almost the double than in Control subjects (approximately 700 ms), proving that a healthy subject brain has a greater dynamism than AD patient's brain. The statistical diference between those group relatively to events propagation time is p<0.0022, which is relevant. The "AD events" detected in Control subjects results from a different kind of sources and have a different nature than the events found in AD patients, in spite of the EEG segments representative of those events being energetically similar to those found in Alzheimer's patients.
IV. CONCLUSION
We realize that neurodegenerative diseases, especially AD, represent a major challenge for today's society in terms of the large and rapidly increasing number of the people that are afflicted. Therefore, the diagnostic methods optimization is very urgent to treat the disease as early as possible aiming to reduce the brain damage.
Therefore, this study represents a further contribution in the search for new techniques of AD detection based on the EEG to find the brain source of AD. Most of the literature focuses primarily on the frequency analysis of the EEG signal. In short, the authors of this study extracted a set of preselected features with WT tool from threads of and segment of EEG signals for both study groups and classified them in 5 clusters by unsupervised theoretics (k-means and SOM). After that, the clusters that represented an thread, respectively, were evaluated in sequences of 4 over time and a diff score were performed between study groups. It was verified that some sequences were found more frequently in AD patients than control subjects and them constituted the EEG AD Events. Thereon an event location on the scalp was performed and it was possible to explain the neuronal atrophy caused by the amyloid plaques accumulation and consequent neuron atrophy in an AD patient brain. It was found that AD patient brain presents a lower dynamism than a healthy subject, as it was expected. It was also observed that the average events propagation time in Alzheimer's is twice than what occurs in control subjects, there is indeed relevant statistical significance when comparing the distributions of average propagation time between the two groups.
Although there were significant statistically differences in the propagation times of "AD EEG events" between both study groups, in future studies the authors want to verify the possibility that an event appears and does not propagate.
